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Summary 
The D. melanogaster mei.41 gene is required for DNA 
repair, mitotic chromosome stability, and normal lev- 
els of meiotic recombination in oocyteso Here we show 
that the predicted mei-41 protein is similar in sequence 
to the ATM (ataxia telangiectasia) protein from humans 
and to the yeast rad3 and Meclp proteins. There is 
also extensive functional overlap between mei-41 and 
ATM. Like ATM-deficient cells, mei.41 cells are exqui- 
sitely sensitive to ionizing radiation and display high 
levels of mitotic chromosome instability. We also dem- 
onstrate that mei.41 cells, like ATM-deficient cells, fail 
to show an irradiation-induced delay in the entry into 
mitosis that is characteristic of normal cells. Thus, the 
mei.41 gene of Drosophila may be considered to be a 
functional homolog of the human ATM gene. 
Introduction 
Mutants of the mei-41 gene in Drosophila melanogaster 
were first identified on the basis of a defect in meiotic 
recombination (Baker and Carpenter, 1972) and subse- 
quently by their mutagen sensitivity (Boyd et al., 1976; 
Banga et al., 1986; Baker et al., 1976). This latter pheno- 
type is most vividly displayed by the sensitivity of mei-41 
larvae to a wide range of mutagens, including ionizing 
radiation, ultraviolet radiation, methyl methanesulfonate, 
and hydroxyurea. Indeed, there is no overlap between the 
X-ray dose-kill curves for wild-type and for mei-41 mutants 
(Boyd et al., 1976; Baker et al., 1976). Females heterozy- 
gous for mei-41 mutations display an intermediate level 
of mutagen sensitivity (Boyd et al., 1976; Nguyen et al., 
1979), 
Mutations in the mei-41 gene also cause high levels of 
chromosome breakage and instability in mitotic cells and 
in the male germline (Gatti, 1979; Baker et al., 1978; Haw- 
ley and Marcus, 1989). For example, neuroblast cells from 
mei-41 mutant larvae show frequent chromatid and iso- 
chromatid gaps and breaks (Gatti, 1979). The number of 
gaps and breaks is enhanced following treatment with 
X-rays, to the extent that after 220 R of irradiation, virtually 
all of the subsequent metaphases possess at least one 
break or rearrangement (Gatti et al., 1980). 
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The observation of chromatid gaps and breaks in the 
metaphase chromosomes of both mutagenized and un- 
mutagenized mei-41 cells is surprising, because many or- 
ganisms possess cell cycle checkpoint controls that pre- 
vent cells with damaged DNA from exiting G2 and entering 
M (Weinert and Hartwell, 1988). Thus, the phenotypic anal- 
ysis of mei-41 mutants suggests that in the absence of 
the mei-41 gene product, cells bearing double-strand 
breaks are allowed to enter the mitotic process. 
The radiation sensitivity and chromosome instability ex- 
hibited by mutations at the mei-41 locus are reminiscent 
of the cellular defects found in the human repair-deficient 
syndrome ataxia telangiectasia (AT). Like mei-41 cells, AT 
cells are radiation sensitive, and heterozygotes display a 
radiation sensitivity intermediate to that observed in wild- 
type and homozygous cells (Arlett and Priestly, 1985; Tay- 
lor et al., 1975). Also, like mei-41 cells, unirradiated AT 
cells exhibit a high frequency of broken or rearranged 
chromosomes at metaphase, and X-irradiation markedly 
increases the number of chromosome breaks (Friedberg 
et al., 1995). Reduction to homozygosity for recessive 
markers is also common, suggesting a high rate of deletion 
or mitotic recombination (Bigbee et al., 1989). Among 
other documented anomalies in cell cycle progression, AT 
cells irradiated in G2 fail to display an initial block in cell 
cycle progression that is characteristic of normal cells (Ru- 
dolph and Latt, 1989; Beamish and Lavin, 1994). We show 
below that mei-41 has a similar if not identical effect on 
the G2/M progression of X-irradiated neuroblasts in Dro- 
sophila. 
As shown here, the Orosophila mei-41 and human ATM 
genes are also homologous atthe level of predicted amino 
acid sequence. Like the ATM protein (Savitsky et al., 
1995), the mei-41 protein belongs to a family of phosphati- 
dylinositol 3-kinase (PI3K)-Iike proteins that includes 
Meclp, Tell p (Greenwell et al., 1995 [this issue of Cell]), 
Torl p, and Tor2p, all from Saccharomyces cerevisiae, and 
rad3 from Schizosaccharomyces pombe (Seaton et al., 
1992; F. AI-Khodairy and T. Carr, personal communica- 
tion). Mecl p, the product of the S. cerevisiae MEC1/ESR1/ 
SAD3 gene (Kato and Ogawa, 1994; T. Weinert, personal 
communication; S. Elledge, personal communication), 
and rad3, the product of the S. pombe rad3 gene, are 
required for DNA damage-sensitive checkpoint controls 
and produce repair-deficient phenotypes when mutated 
(AI-Khodairi and Carr, 1992; Jimenez et al., 1992; Allen 
et al., 1994; Kato and Ogawa, 1994; Weinert et al., 1994). 
TOR1 and TOR2 are required for the GI/S transition (Helli- 
well et al., 1994). Thus, the homology of the mei-41 and 
ATM proteins to this class of putative kinase proteins is 
suggestive of a primary defect in the ability of the cell to 
monitor its progression through the cell cycle, especially 
in the presence of DNA damage. 
Taken together, the functional and sequence homolo- 
gies within this class of proteins provide a novel and im- 
portant perspective from which to reconsider the pheno- 
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Figure 1. A Map of the 10.5 kb Genomic Region Containing the mei-41 Gene 
(A) The top line is a map of the 10.5 kb fragment shown by Banga et al. (1995) to rescue the female fertility and mutagen sensitivity phenotypes 
of mei-41 mutants. The map includes the EcoRI restriction sites in the region and the P element insertion sites in the rnei-41 ~T7 and mei-41RT2 
mutants (Yamamoto et al., 1990). Below the map are shown the restriction fragments used as probes on Northern blots (see [B]). Fragment a 
hybridizes to a transcript that does notcorrespond to mei-41. Fragments c-f hybridize to the 8.3 kb mei-41 transcript, while fragments b and g 
did not detect any transcript. On the bottom are shown the splicing pattern ofthe mei-41 transcript and the location of its PI3K-like domain. 
(B) Northern blot of ovary RNA probed with a 2.5 kb EcoRI fragment (fragment c of Figure 1) that detects an 8.3 kb transcript in wild-type (lanes 
1 and 2) flies and an altered transcript in flies homozygous for either of the P insertion alleles (mei-41 ~r~ and mei-41Rr2). Wild-type 1 is Oregon-R; 
wild-type 2 is f; bw; e, the parental strain of the P insertion alleles. The last two lanes show the r storation of wild-type transcript size in revertants 
of the P insertion alleles (revertant 1,mei-41RT1R~; revertant 2, mei-41RT~R~). In adults, mei-41 is expressed at its highest levels in the ovaries, and 
no transcript was detected in total RNA from males (data not shown). 
types of mutations in the mei-41, ATM, MEC1, and rad3 
genes. 
Results 
Cloning the mei.41 Gene 
The mei-41 gene was mapped by Banga et al. (1995) to 
a 10.5 kb genomic fragment hat includes the sites of two 
P element insertion alleles (mei-41RT1 and mei-41RT2; Figu re 
1). When introduced into flies by germline transformation, 
this fragment rescues both the mutagen sensitivity and 
the female sterility phenotypes of mei-41 mutations (Banga 
et al., 1995). We used restriction fragments panning this 
region to probe Northern blots containing ovarian RNA 
from wild-type females and from females homozygous for 
mei-41RT~, mei-41RT2, and a revertant of each. Each of the 
fragments between +1772 and +10048 (c-f in Figure 1A) 
detected an 8.3 kb transcript found abundantly in the ova- 
ries. An example is shown in Figure lB. Confirming that 
the 8.3 kb transcript is the product of the mei-41 gene, 
the size of this transcript decreases in females homozy- 
gous for either of the P insertion alleles, and their size is 
consistent with transcription initiating within the P ele- 
ments. This transcript is restored to normal size in P ele- 
ment excision revertants of these mutations. 
Partial cDNA clones were recovered that correspond to 
the 8.3 kb transcript, but none were full length. Therefore, 
to determine the complete amino acid sequence of the 
mei-41 protein, we sequenced the entire 10.5 kb genomic 
fragment. Analysis of this sequence revealed two large 
nonoverlapping open reading frames (ORFs), both of 
which exhibited good codon bias for Drosophila (Ash- 
burner, 1989). Probes specific to either large ORF de- 
tected the same 8.3 kb transcript hat is altered in mei-41 
mutants (Figure 1B; data not shown). We demonstrated 
by reverse transcription-polymerase chain reaction (RT- 
PCR) experiments that exons containing the two large 
ORFs are spliced together via a third smaller exon of 294 
bp (Figure 1A). A third small intron near the 3' end of the 
second large ORF was revealed by analysis of the cDNA 
clones. 
The Mei-41 Protein Is a Member of a Family of 
Putative Kinases That Includes the Human 
ATM Protein 
The transcript that results from splicing together the four 
mei-41 exons is predicted to encode a polypeptide of 2357 
amino acids. A BLAST search (Altschul et al., 1990) of 
the sequence databases revealed that the putative mei-41 
protein belongs to a family of large proteins that includes 
the products of several cell cycle checkpoint genes. The 
proteins in this family share a highly similar carboxy- 
terminal region that contains a PI3K signature sequence 
(white boxes, Figure 2A; Figure 2B), although kinase activ- 
ity has not yet been demonstrated for any of them. 
The proteins in this family can be divided into two groups 
on the basis of functional similarities (see below) and re- 
gions of sequence similarity outside of the kinase domain. 
One group contains mei-41, ATM, rad3, Mecl p, and Tell p. 
In addition to the carboxy-terminal kinase region, these 
proteins share a large region of weaker sequence similar- 
ity (stippled boxes, Figure 2A). The second group contains 
Torlp, Tor2p, and the mammalian rapamycin-binding pro- 
tein targets FRAP (for FK506-binding protein [FKBP]- 
rapamycin-associated protein; Brown et al., 1994) and 
RAFT1 (for rapamycin and FKBP12 target 1; Sabatini et 
al., 1994). These proteins do not contain the large region 
of weaker similarity common to the proteins in the first 
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Figure 2. Mei-41 Is Homologousto he Human 
ATM Gene Product 
(A) Schematic for the alignment of the mei-41 
translation product to ATM (Savitsky et al., 
1995), Meclp (Kato and Ogawa, 1994), rad3 
(T. Carr, personal communication), Torl p (Hel- 
liwell et al., 1994), Tellp (Greenwell et al., 
1995) and FRAP (Brown et al., 1994). Tor2p 
(Kunz et al., 1993) is very similar to Torl p, and 
RAFT1 (Sabatini et al., 1994) is very similar to 
FRAP. Blocks and alignments were generated 
by using BLAST (Altschul et al, 1990) and 
MACAW (Schuler et al., 1991). The sequence 
for ATM (AT7-9) is truncated at the amino termi- 
nus, as it was derived from a partial cDNA 
clone. The open boxes represent the PI3K-like 
region of strong homology (mei-41 amino acid 
residues 2042-2357), which is shared by all 
family members. The stippled boxes denotes 
a region of weaker similarity shared by mei-41 
(residues 1040-2040), ATM, Meclp, Tellp, 
and rad3, but not by the TOR proteins or FRAP 
and RAFT1. Numbers in boxes denote the per- 
cent amino acid identity/percent amino acid 
similarity compared with mei-41. The hatched 
boxes represent sequence similarities found 
only among the TOR proteins and FRAP and 
RAFT1. 
(B) Alignment of the kinase region of mei-41 to 
the same region of the closest family members. 
Blocks within which all proteins have identical 
or conserved residues are boxed (Henikoff and 
Henikoff, 1992). 
group, but rather are similar to one another along their 
entire lengths. 
The amino acid similarities among mei-41, ATM, rad3, 
and Meclp are reflective of a set of functional similarities. 
Mutations in the genes encoding these proteins cause 
X-ray sensitivity and mitotic chromosome instability. Like 
mecl and rad3 mutants, mei-41 mutant flies are hypersen- 
sitive to killing by low concentrations of hydroxyurea 
(Banga et al., 1986; Weinert et al., 1994; Jimenez et ai., 
1992). Mutations in ATM, MEC1, and rad3 also cause de- 
fects in one or more damage-sensitive cell cycle check- 
points. We show below that mutations in the me#41 gene 
are also at least partially defective in a process that pre- 
vents the onset of mitosis in the presence of DNA damage. 
Thus, ATM, mei-41, Meclp, rad3, and possibly Tell p 
(Greenwell et al., 1995; Morrow et al., 1995 [this issue of 
Cell]) comprise a family of functionally related proteins 
required for both DNA repair and for control of the cell 
cycle in the presence of DNA damage. 
The Mei-41 Protein Is Required for a DNA 
Damage-Sensitive Cell Cycle Checkpoint 
Given the functional and structural similarity of mei-41 to 
other DNA damage-sensitive checkpoint proteins, we set 
out to determine whether mei-41 has a similar checkpoint 
role in Drosophila. Although all eukaryotic cells are 
thought to arrest or delay in G2 following DNA damage 
(Weinert and Hartwell, 1988, 1990; Weinert and Lydall, 
1993), it was necessary to demonstrate that such a dam- 
age arrest or delay also existed in Drosophila somatic 
cells. We therefore asked whether DNA damage arrests 
the progression of the cell cycle in Drosophila somatic 
cells, and whether that damage-sensitive arrest requires 
mei-41. 
We dissected larval brains into culture medium and ir- 
radiated them with X-rays. After various time intervals, 
the brains were incubated in colchicine for 30 min, then 
swelled for 10 min in hypotonic solution prior to fixation. 
Although previous workers have compared mitotic indices 
by counting only the number of metaphases in 100-200 
fields, we determined both the total number of cells (usu- 
ally 200-300) and the number of metaphases for each 
of ten fields per brain analyzed. This method takes into 
account field-to-field ifferences in cell density. 
Wild-type neuroblasts irradiated with 500 R ,.showed a 
10-fold decrease in the number of cells entering meta- 
phase between 10 and 50 min after irradiation and continu- 
ing through the 20-60 and 30-70 rain intervals (Figure 3). 
This is consistent with the existence of a DNA damage- 
sensitive checkpoint. S phase in Drosophila lasts 5-6 hr, 
and G2 has been estimated to require 30 min to 1 hr (Pim pi- 
nelli et al., 1976; Gatti et al., 1974; Gatti, 1979). Thus, 
the rapid (within 10 min) decrease in the mitotic index 
observed here likely reflects an arrrest due to a late S or 
G2 checkpoint. These findings provide direct evidence for 
a DNA damage-sensitive arrest or checkpoint in Drosoph- 
ila somatic cells. 
Brains from rnei-41 °' larvae failed to show this extensive 
decrease in mitotic index at any of the time points following 
irradiation (Figure 3), thus revealing a defect in a cell cycle 
checkpoint. Because the fraction of metaphase cells in 
each group does not change markedly over the three post- 
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Figure 3. A Cell Cycle Checkpoint Defect in Cultured mei-41 Neuro- 
blasts 
Comparison of the mitotic indices of cultured neuroblasts from wild- 
type (Oregon R) and mei-47 larvae. Each data point is labeled with a 
time range; the lower limit is the time from irradiation (if treated) to 
addition of colchicine. The upper limit is the total time from irradiation 
to fixation (including the 30 min in colchicine and 10 rain swelling in 
a citrate hypotonic solution). 
(A) A comparison of the mitotic index in unirradiated wild-type and 
mei-41 neuroblasts. 
(B-D) A comparison of irradiated and unirradiated neuroblasts from 
both genotypes after culture for the time indicated. At least two brains 
(five to ten fields per brain) were scored for each genotype and treat- 
ment. t = 0 neuroblasts for the wild-type and mei..41 irradiation experi- 
ments were fixed without irradiation and served as internal controls. 
The first time point following irradiation was t = 10 rain. For each 
graph, bars are used to represent he mean mitotic index for all brains, 
while circles represent the mitotic index for each individual brain. 
irradiation time points, it is possible to analyze the data 
simply by a direct comparison of the cumulative mitotic 
indices. In irradiated wild-type brains, 20 of 10,074 cells 
(0.20%) were in metaphase, as opposed to 364 of 20,202 
(1.80%) in unirradiated controls. However, 254 of 15,754 
(1.61%) irradiated mei-41 cells were in metaphase, com- 
pared with 264 of 12,578 (2.10%) unirradiated mei-41 con- 
trol cells. Thus, following irradiation, the mitotic index of 
irradiated wild-type cells is reduced to 11% of that ob- 
served in controls, while the mitotic index of irradiated 
mei-41 cells is 77% of that observed in unirradiated me#41 
cells. 
To confirm that this checkpoint failure is due to the mei- 
41 °I mutation and not to some other mutation carried on 
this X chromosome, the experiment was repeated with a 
second, independently isolated allele (mei-41195), and a 
similar result was obtained. The mitotic index observed 
in the three postirradiation time points (68 of 5568 cells, 
1.22%) is again only slightly reduced from that observed 
in unirradiated brains (34 of 1968 cells, 1.71%). For this 
second allele of mei-41, the mitotic index of irradiated cells 
was 71% of that observed in the unirradiated control. The 
mei-41195 allele was isolated in a different laboratory, at a 
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Figure 4. Comparison of the Mitotic Indices of Wild-Type and mei-41 
Neuroblasts Irradiated In Vivo 
All mitotic indices were normalized relative to their respective t = 0 
control index (metaphase/cell = 0.027 for wild-type, 0.020 for mei-41). 
The dual time label along the X axis shows the time on grape agar 
plates (above) and time in colchicine before fixation (below) for each 
point, as described above. Bars represent the range of values obtained 
for individual brains. 
different ime, and in a different genetic background than 
the mei-41 °I allele. Thus, because this allele has the same 
effect on alleviating cell cycle arrest as does mei-41 c7, we 
conclude that the observed reductions in the extent of 
irradiation-induced cell cycle arrest are due to the absence 
of the mei-41 + gene product rather than to other mutations 
borne on either of the two mei-41 chromosomes. A similar 
effect has also been documented for yet a third indepen- 
dent allele, mei-41 °~, by use of the in vivo assay described 
below (K. L. H. and R. S. H., unpublished data). 
Given the extent of mitotic suppression observed in wild- 
type cells, we wanted to know whether the mitotic index 
would recover with sufficient ime following irradiation. To 
address this question, we repeated the experiment by irra- 
diating living larvae and then removing the brains at vari- 
ous times following irradiation. As with the in vitro experi- 
ment, the mitotic index of wild-type brains falls 10-fold 
within 15 min after irradiation (Figure 4). The mitotic index 
remains suppressed for at least 2 hr but recovers to normal 
within 4 hr after irradiation. While we believe that the recov- 
ery in the mitotic index reflects the recovery of cells irradi- 
ated in late S or G2 following repair, we cannot exclude 
the possibility that the arrest observed here is terminal 
and that the mitoses observed after 4 hr reflect he comple- 
tion of the mitotic cycle by cells still in G1 or early S at 
the time of irradiation. 
As was the case in the in vitro experiment, brains from 
mei-41 °1 larvae did not display the 10-fold reduction in 
the frequency of metaphase cells that was observed in 
irradiated wild-type cells. These brains did, however, show 
a 40%-50% reduction in the mitotic index, somewhat 
greater than the 25%-30% reduction observed in the in 
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vitro experiment. The decrease is not due to handling, 
since it is not observed in unirradiated controls handled 
in the same fashion (data not shown). Whatever the reason 
for this decrease, it was consistently much less than that 
observed in wild-type neuroblasts. 
The most straightforward explanation for these data in- 
volves the recognition that irradiation induces multiple 
kinds of DNA damage, and that some cell cycle check- 
points are induced by one class of DNA damage, while 
other checkpoints recognize different classes of lesions 
(Weinert et al., 1994). From this perspective, we propose 
that mei-41 cells are defective in the recognition of only 
one or a subset of these types of damage, such that one 
or some mei-41-dependent checkpoint mechanisms are 
ablated, while other mei-41-independent checkpoints re- 
main intact. Alternatively, it is possible that a single pro- 
cess is responsible for the observed arrest, and that the 
mei-41 mutations tested are only partially defective in this 
process. 
Discussion 
We have demonstrated that mei-41 is a member of a group 
of proteins with a PI3K-like domain. This group can be 
divided into two groups on the basis of sequence similari- 
ties and functional properties. The first group contains mei- 
41, ATM, rad3, Meclp, and Tellp. With the possible ex- 
ception of Tellp, these proteins are required for DNA 
repair and, perhaps most crucially, for the ability of the cell 
to halt the mitotic cycle at one or more points in response to 
DNA damage. It seems likely that many of the phenotypes 
associated with these mutations, such as X-ray sensitivity 
and chromosome instability, simply reflect he progression 
of cells into mitosis in the presence of damaged or unrepli- 
cated DNA (Weinert et al., 1994). Indeed, the predisposi- 
tion to cancer in ATM-deficient cells may be viewed as 
the ultimate consequence of the failure of cells to detect 
and repair DNA damage prior to cell division (Hartwell, 
1992; Weinert and Lydall, 1993). 
The studies reported here provide evidence that, like 
the ATM, rad3, and Meclp proteins, the mei-41 protein 
is also required for a DNA damage-sensitive cell cycle 
checkpoint. These observations argue that the product of 
the mei-41 gene is required for a radiation-induced late 
cell cycle arrest, and that in the absence of the mei-41 ~ 
gene product, a large number of cells with damaged DNA 
are allowed to enter mitotic metaphase. This conclusion 
is consistent with the observation that very high numbers 
of chromatid and isochromatid breaks are present in the 
metaphases of Drosophila neuroblasts irradiated uring S 
phase (Gatti et al., 1980). It seems reasonable to conclude 
that mei-41 mutants, which allow cells with chromatid 
breaks to enter M, may be defective in sensing these DNA 
lesions and in relaying a signal that would cause the cell 
cycle to arrest. 
Three lines of evidence argue that the mei-41 protein 
may also play a role in an earlier GI/S or S checkpoint. 
First, in addition to impairing a DNA damage-sensitive G2/ 
M checkpoint, homologs of mei-41 also impair checkpoint 
functions in G 1IS or in S (Kastan et al., 1992; Beamish and 
Lavin, 1994; Weinert et al., 1994). Second, the suggestion 
that mei-41 cells might be defective in a G1/S or S check- 
point is consistent with the finding of an approximately 
equal number of chromatid and isochromatid breaks in 
irradiated and unirradiated cells (Gatti, 1979; Gatti et al., 
1980). While chromatid breaks can arise as a conse- 
quence of irradiation in G2, isochromatid breaks likely re- 
flect the ability of cells to complete S in the presence of 
preexisting double-strand breaks. Third, like mecl and 
rad3 mutants, mei-41 flies are hypersensitive to low con- 
centrations of the DNA replication inhibitor hydroxyurea 
(Sanga et al. 1986), a property which may reflect a failure 
of mei-41 cells to halt their cell cycle in the presence of 
unreplicated DNA. 
We propose that the mei-41 protein plays a crucial role 
in recognizing the presence of DNA damage and transduc- 
ing a signal that induces a cellular response that includes 
cell cycle arrest. Several lines of evidence argue that the 
ATM gene may control functions that regulate one or more 
repair systems in response to DNA damage (reviewed by 
Hartwell, 1992). Jimenez et al. (1992) have also proposed 
that rad3 controls a repair pathway that plays a role in 
relaying information regarding the presence or absence 
of unreplicated or damaged DNA. Thus, proteins such as 
ATM, mei-41, rad3, and Meclp may control the activity of 
one or more repair processes in addition to their effects 
on cell cycle progression. 
Finally, we note that mei-41 mutants exhibit a variety of 
phenotypes other than those directly associated with the 
repair of DNA damage. These include defects in meiotic 
recombination and in the syncytial mitotic divisions that 
occur in preblastoderm embryos (Carpenter and Sandier, 
1974; Baker and Hall, 1976; Carpenter, 1979; Lindsley and 
Zimm, 1992; J. K. Jang, K. S. M., and R. S. H., unpublished 
data). Thus, at least in oogenesis and embryogenesis, the 
mei-41 protein may play multiple roles in addition to its 
somatic function as a DNA damage sensor. The complex- 
ity and similarity of phenotypes observed in both mei-41 
mutants and ATM cells lead us to the conclusion that Dro- 
sophila is an excellent model system for the study of the 
cellular pathology of AT. This aspect of mei-41 makes it 
attractive as a model toward understanding the complexi- 
ties of the AT pathology. We should also note that the 
extremely large number of alleles of mei-41 (70-100), 
many of which exhibit partial loss of function, make this 
gene an ideal candidate for structure-function studies. 
Experimental Procedures 
DNA Sequencing, Sequence Analysis, 
and RT-PCR Experiments 
The cloning of the 10,492 bp rescue fragment was described by Banga 
et al. (1995). Both strands of the 10,492 bp rescue fragment were 
sequenced by the dideoxy chain termination method using the Se- 
quenase version 2.0 DNA sequencing kit (United States Biochemical 
Corporation). Sequencing ets were read by an IBI Gel Reader and 
compiled with PC/Gene software, version 6.01. The sequence was 
analyzed and the alignment carried out with the University of Wiscon- 
sin Genetics Computing Group (GCG) sequence analysis package 
(Devereux et al., 1984). 
RT-PCR experiments olocate the first wo introns were performed 
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as described by Calvi and Gelbart (1994). Total RNA was extracted 
from wild-type ovaries as described below and subjected to reverse 
transcription with an oligonucleotide primer synthesized from nucleo- 
tides 4768-4797 of the rescue fragment. PCR was then performed 
after the addition of a primer created from nucleotides 4012-4041, 
the product was directly sequenced using the Cyclist kit (Stratagene), 
and the sequence was compared with that of the genomic rescue 
fragment o locate the exon-intron boundaries. Similar experiments 
were carried out using primers corresponding to nucleotides 4768- 
4797 and nucleotidee 4056-4085. 
Northern Blot Analysis 
Total RNA was extracted from ovaries of females of the indicated 
genotypes. The ovaries were dissected from yeast-fed females and 
ground in 50% phenol/50% extraction buffer (0.05 M Tris-HCI [pH 
9.0], 0.25% SDS, 0.8 mM NaCI). Samples (30 p~g/lane) were electro- 
phoresed through a 1.5% agarose gel in 1 x MOPS buffer. Gels were 
blotted and probed with 32P-labeled genomic DNA from subclones 
spanning the rescue fragment. 
In Vitro Irradiation Experiments 
Third instar larvae were grown and harvested as described by Gatti et 
al. (1974). Larval brains were dissected in a 1 x Robb's saline solution, 
placed in a 0.7% N aCI solution in Falcon Tissue Cu!tu re dishes (Becton 
Dickinson Labware, Lincoln Park, N J), and following 500 R of X-irra- 
diation if required, incubated for the indicated time periods. After the 
incubation period, the brains were treated with 0.1 mM colchicine in 
0.7% NaCI for 30 rain, and swelled 10 min in 0.7% sodium citrate. 
The brains were then fixed 3 min in one drop of 45% acetic acid 
on a silanized coverslip, mounted on a slide, and squashed. Liquid 
nitrogen was used to remove the coverslip, and following dehydration 
in ice-cold 100% methanol, the brains were air dried and stained 10 
rain with aceto-orcein. Five to ten fields were scored for each brain. 
To control for differences in cell density, the number of metaphase 
figures and the total number of cells were counted for each field. A 
field was defined as the optical field in a Zeiss Axioplan compound 
microscope at 800x magnification. The mitotic index per field was 
calculated as the number of cells in metaphase divided by the total 
number of cells, and the average mitotic index for the brain was calcu- 
lated as the sum of the mitotic indices divided by the number of fields 
scored. At least two brains were scored for each genotype and each 
treatment, totalling approximately 5,000-10,000 cells scored for each 
time point. 
In Vivo Irradiation Experiments 
Male larvae of the indicated genotype were transferred to yeast paste- 
supplemented grape agar plates and immediately irradiated with 500 R of 
X-rays. After the required time periods, the neuroblasts were dissected 
and squashed according to the procedure described above. Mitotic 
indices were normalized relative to their respective (t = 0) control 
index (metaphase/cell = 0.027 for wild-type, 0.020 for mei-41). At least 
two brains (ten fields per brain) were scored for each time point, except 
for the mei-41 t = 30 min data point, where only one brain was scored. 
An anomalous point from the wild-type t = 60 data set (metaphase/ 
cell = 0.016) was excluded from the graph. 
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